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To further probe the hypothesis of universality of critical phenomena, the shear viscosity has been measured for a two-component critical liquid system, butyl cellosolve-water, in the region of both the entropydriven lower (LCST) and the enthalpy-driven upper (UCST) critical [1] [2] [3] [4] [5] . Further work has been performed on the three component system [6] . All [9] and [10] ; a reference [11] ; 0 reference [12] ; . present data ; x critical point. 3. Data analysis and results. -The very complicated problem of the critical behaviour of transport coefficients has been widely studied. The recent refmement of mode-mode coupling theory [13] [14] [15] and the success of renormalization group theory [16, 17] have enabled the critical exponent z for the shear viscosity to be examined more rigorously. The theories predict that the shear viscosity along with the critical isochore may be written as with pn = -z" v, where A is a microscopic cut-off wave number, , = '0 e-v is the correlation length, and e is given by (T /Tc -1). # is the critical amplitude for the diverging shear viscosity near equilibrium, which can be identified as the bare (background) viscosity Y/id' where the correction to # of order e has been omitted. From mode-mode coupling theory, the critical exponent z,, is found to be 0.054 using the selfconsistent approximation [13, 14] and 0.070 with vertex corrections [15] , while the renormalizationgroup theory predicts z,, to be 0.053 in an e-expansion to first order [16] and 0.065 in an e-expansion to second order for the dimensionality d = 3 [17] .
A common feature of all these theories is that the shear viscosity shows a weak anomaly in the critical region and that the renormalization of its anomalous part is of a multiplicative rather than of an additive type [18] .
On the experimental side, equation (1) has been confirmed by a critical reexamination of the existing viscosity data [4, 5] and by a shear viscosity measurement in a large temperature range [19] . However, it is important to note that equation (1) is only the first approximation and, in general, the existence of the correction terms is predicted theoretically, though fortunately it has not been needed to account for the behaviour of the shear viscosity in many binary critical mixtures [4, 5] .
In interpreting viscosity data, much of the ambiguity is due to [20] .
Since the butyl cellosolve-water system at the critical concentration is 93 mole % water, we felt that the normal behaviour would be dominated by water. Therefore, as an alternative method, we used the Vogel equation :
where A, B and C are constants independent of temperature.
Equation (3) has been successfully used to present the behaviour of the viscosity of water, which also shows large ,systematic deviations from the simple Arrhenius équation [21] . Figure 2 shows the temperature dependence of the viscosity for the UCST along with equation (2) and that for the LCST along with equation (3) .
It is easily seen that the excess viscosity at 30.14 wt. % is much larger than that at 24.78 wt. %, which means that the latter does not correspond to the critical concentration and it is consistent with the present result of the coexisting curve. Indeed, Chakhouskoy [22] and Onken [10] have previously inferred the presence of impurities in butyl cellosolve used by Cox and Cretcher [11] . The excess viscosities obtained using two methods of characterizing background behaviours are shown in figure 3 of In tif tlid vs. ln 1 B 1. Figure 3 shows that In tif tlid at first increases linearly, then starts to level off as one approaches the critical point, whereas equation (1) suggests a straight line of slope -(pl in the plot of ln tif tlid vs. ln 1 e along with the critical isochore. Although such a levelling-off (cusp-like behaviour) of viscosities could be attributed to the presence of impurities [23] , a result of non-linear viscosity effects [24] , and other effects [25, 26] , nowadays it is mainly attributed to the second effect in the measurement of the capillary method. As pointed out by Oxtoby [24] , such a method introduces a non-linear effect causing an apparent levelling-off of the data as one approaches the critical point. Depending on the type of viscometer used and on the correlation length of the system the effect can become very important. Unfortunately, the correlation length for the present system has not been reported in either the upper or lower critical regions. Therefore we tried to estimate the correlation length under the assumption that the theory of Oxtoby could be applied to the present system. According to Oxtoby, the non-linear effect A(Â) is expressed as a function of Â (= tlç3 D/kB T, where D is the magnitude of the shear gradient), which should be a universal function of À, independent of A. The values of A(Â) were calculated by using an extension of the microscopic mode coupling theory, and were graphically given in the original text [24] .
In [30] , the scaling relation of equation (1) takes a form where X = eo/1 AX2* Il AX2* = (x2 -x2c)/x2c, x2c is the mole fraction at the critical concentration, and is the critical exponent of the coexisting curve
The function f(X) has a universal asymptotic behaviour, i.e.,
The results applied to the present system are shown in figure 5 .
As is evident from figure 5 , the analysis presented here seems to be applicable to both the UCST and the LCST. However, it would be desirable to have more extensive data for a more stringent test of the scaling hypothesis. 
